f Inducibility of Atrial Fibrillation. Introduction: The purpose of this study was to evaluate the inducihility of atrial fihrillation in patients with an accessory atrioventricular connection (AAVC) and to determine if the inducihility of atrial fihrillation is altered after successful radiofrequency catheter ahlation of the AAVC.
Introduction
Long-term follow-up studies after successful surgical or catbeter ablation of accessory atrioventricular connections (AAVC) bave shown tbat tbe incidence of spontaneously occurring atriai fibrillation is significantly reduced.'-^ The expla-nation for this reduction in the incidence of atrial fibrillation after ablation of AAVCs has been unclear. While some studies have suggested that this may t>e due to elimination of atrioventricular reciprocating tachycardia that can degenerate into atrial fibrillation,'-^ another study suggested that the vulnerability of the atrium to atrial fibrillation may be reduced.^ The purpose of this prospective study was to evaluate the inducibility of atrial fibrillation in patients with AAVCs and to determine if tbe inducibility of atrial fibrillation is altered after successful radiofrequency catheter ablation of the AAVC.
Methods
Thirty-seven patients with AAVCs and 36 control patients who did not have an AAVC were prospectively evaluated using a standardized atrial pacing protocol. The characteristics of the patients are described in Table 1 . Among the patients with ati AAVC, the AAVC was overt in 30 and concealed in 7; the location was left sided in 25 and right sided or posteroseptal in 12. The control group was composed of 19 patients with ventricuiar arrhythmias,. 9 patients with syncope of unknown origin, and 8 patients with palpitations of utiknown etiology. Thirty-six patients with an AAVC did not have structtind heart disease and one had congenital pulmonic stenosis. Twenty patients in the control group did not have hejut disease, 11 had coronary artery disease, 3 had an idiopathic dilated cardiomyopathy, and 2 had valvular heart disease.
Electrophysiologic Study/Pacing Protocol
AH patients provided informed consent and underwent an electrophysiologic test after discontinuation of all antiarrhythmic medications for at least 48 hours. The sinus cycle length, AH interval, HV interval, atrial effective reft-actory period, P wave duration. PA interval at the His jxjsition, atrioventricular block cycle length, and ventriculoatrial block cycle length were determined in each patient. The presence of an AAVC was determined using standard electrophysiologic techniques.'' Atrial overdrive pacing was performed in each patient using a standardized protocol. The high right atrium was paced using a 25-beat drive train. 1.5-second intertrain pause, lO-mA pulse amplitude, and 2-msec pulse duration. Pacing was performed at cycle lengths of 250 to 100 msec in 10-msec decrements. Pacing was performed twice at each pacing cycle length. Pacing was discontinued after the induction of either sustained (> 30 Atrial fibrillation was induced in 26 (70%) patients who had an AAVC, compared to 22 (61%) control patients (P = NS). Atrial flutter was induced in 11 (30%) patients with an AAVC compared to 13 (36%) controls (P = NS). The induced arrhythmia was sustained in 23 (65%) patients with an AAVC, and 24 (67%) control patients and nonsustained in 14 (38%) patients with an AAVC and II (31%) control patients (P = NS between the groups). In patients with a sustained arrhythmia, the induced arrhythmia was atrial fibrillation in 16 (70%) and atrial flutter in 7 (30%) patients with an AAVC, and atrial fibrillation in 13 (54%) and atrial flutter in 11 (46%) control patients (P = NS between the groups). The mean duration of nonsustained atrial flutter was 19 ± 5 seconds and of nonsustained atrial fibrillation was 16 ± 7 seconds. There was no difference between patients with an AAVC and control patients with respect to the baseline sinus cycle length, AH interval, atrial effective refractory period, P wave duration, or PA interval at the His p>osition ( Table 2 ). As expected, the patients with an AAVC had shorter baseline HV intervals, and atrioventricular and ventrieuloatrial block cycle lengths (Table 2 ). There were no differences in the mean pacing cycle lengths that induced atrial fibrillation or flutter in the patients with an AAVC (198 ± .30 msec) compared to controls (193 ± 25 msec), and there was no difference in the mean pacing cycle length needed to induce atrial fibrillation (194 ± 28 msec) compared to atrial flutter (198 ± 25 msec) when both patient groups were considered together. Both control patients and patients with an AAVC had the same response to atrial pacing at each stage of the pacing protocol (Fig. 1) . At each step of the pacing protocol, the cumulative yield of atrial fibrillation/flutter was similar in both groups of patients.
Effects of Radiofrequency Ablation
Among the 30 patients who underwent radiofrequency ablation of an AAVC, there was no difference in the inducibility or duration of atrial fibrillation or flutter after radiofrequency ahlation of the AAVC compared to baseline (Table 3 ). The mean pacing cycle length required to induce atrial libtillation/flutter after ablation (195 ± 25 msec) was not difterent than before abiation (199 ± 30 msec). Before and after radiofrequency ablation there was no difference in the response to the atrial pacing protocol (Fig. 2) . At each step of the pacing protocol, the cumulative yield of atrial tibrilkitioii/lliitter was similar before and after radiofrequency ablation of the AAVC.
Discussion
This study demonstrates that a standardized, aggressive atrial pacing protocol results in the induction of atrial fibriiiation or flutter in nearly 100% of patients and that the incidence of alriaJ fibrillation or flutter induction in patients with AAVCs is no different than in other patients referred for electrophysiologic evaluation. The cjther major finding of this study is that the incidence of atrial fibrillation induction, its duration, and the pacing cycle length required for induction are not altered after radiofrequency ablation of the AAVC. These findings indicate that the vulnerability of the atria to fibrillate in response to atrial burst pacing is independent of the presence of an AAVC.
Previous studies evaluating atrial fibrillation inducibility before and after surgical or catheter ablation of AAVCs have found a lower incidence of inducibility after successful ablation.'-^ Sharma et al.' studied 38 patients before and after surgical ablation of an AAVC. During the presurgica! electrophysiologic study, atrial pacing at cycle lengths as short as 120 to 150 msec were used and atrial tibrillation was induced in 32 of the 38 patients; during the follow-up electrophysiologjc study, no patient had inducible atrial fibrillation, but atrial pacing was limited to cycle lengths greater than or equal to the atrioventricular block cycle lengths. Haissaguerre et al.-found a lower incidence of atrial fibrillation induction in patients with a history of atriaJ fibrillation after successful direct current ablation of AAVCs. In their study, only single or double atrial extrastimuli were used to induce atrial fibrillation and rapid atrial overdrive pacing was not performed. The major difference between our study and these previous studies is the atrial pacing protocols that were utilized. Our study used an aggressive atrial pacing protocol that was operator independent and standardized to be performed the same way in each case. The study of Sharma et al.' used different pacing protocols during the preand postablation electrophysiologic tests. In the study by Haissaguerre et al.,^ the pacing protocol used to induce atrial fibrillation was less aggressive than in our study and it is not clear that the same extrastimulus pacing techniques were used pre-and postablation, since tbe authors did not compare the coupling intervals or the number of extrastimuli used.
Although the pacing protocol utilized in this study was aggres.sive and induced atrial fiuttcr or fibrillation in nearly 100% of patients, this does not limit its ability to evaluate the vulnerability of the atria to fibrillate. As Figuies 1 and 2 show, less aggressive protocols that would have limited the pacing cycle lengths to > 150 msec would have simply reduced the total percentage of patients with atrial fibrillation or fiutter induced but would not have produced any difference in inducibility between the different patient groups. There was a small but insignificant difference in the incidence of atrial fibrillation and atrial flutter induction between patients with an AAVC and control patients at pacing cycle lengths > 180 msec. However, as Figure 1 shows, this apparent difference was due to only a 10-msec shift to the right in the curve for the control patients. A limitation of this study is that only one method for assessing the vulnerability of the atrium to fibrillate was used. It is possible that other methods that utilized atrial extrastimulus techniques, different durations of burst pacing, or different pacing-pulse amplitudes may have had different results.
The results of this study suggest that it is not a change in the vulnerability of the atrium to tibrillate that accounts for the reduction in the incidence of spontaneous atrial fihrillation after ablation of AAVCs, but instead it is some other factor such as elimination of atrioventricular reciprocating tachycardia or attenuation of ventriculoatrial conduction.
